Climate change affects crop production in two ways: changes in GDP and population and changes in climate variables, especially temperature and precipitation. This study aims to investigate preliminary effects of climate change impacts on Thailand's rice production, consumption, and export capacity by integrated EPIC model and the world and Thai rice market models. Therefore, the Biophysical process model (EPIC model) and Economic processes model are employed as the research methodology of this study. Main findings of the comparison showed both rice production and export in the base year (2007) are likely to expand until 2027, and there will be a sufficient amount of rice surplus for export, which is nearly the same level as that of domestic consumption in A2 scenario. In 2017, the amount of rice production will be only slightly higher than the domestic demand, leaving a small rice surplus of up to 2 million tons for export, compared to 14 million tons in 2016. However, in B2 scenario, the rice production capacity will be much lower than the domestic demand, meeting only half of it in 2017. From 2017 to 2019, the rice production capacity will undergo a constant fall and no longer meet the market demand as a result; it is estimated that there will be a shortage of approximately 0.038 to 0.218 ton. It is therefore important to note that if B2 scenario became reality in 2017, the rice production capacity of Thailand would nearly fail to meet the minimum level of domestic demand. However, we assure that Thailand still have land where can be converted to rice production with multiple cropping through irrigation investment, while comprehensive technical adaptation and mitigation to enhance farmer benefits are required.
Introduction
Thailand is a major exporter of agricultural products with rice as one of its most important crops. Rice has not only played a part in contributing to food security of the world but also been an essential part of the Thai society and its culture for a very long time. Rice is the heart of the way of life of farmers in Thailand. However, there are many factors that have contributed to food insecurity these days. One of the factors is climate change, which has brought negative impacts to food production throughout the world. It has resulted not only in the increased temperature and decreased productivity but also in greater numbers of less predictable disasters such as drought. For decades scientists have agreed on the list of greenhouse gases -including carbon dioxide (CO 2 ), nitrous oxide (N 2 O), and methane (CH 4 ) -that lead to the change of global temperatures and amounts of rainfall (IPCC, 2007) . Studies have been conducted on climate change's impacts on several aspects as well as the plausible ways of minimizing such impacts in the future. There are also studies on climate change's impacts on rice production at national and international scales. According to the reports of the International Panel on Climate Change (IPCC) in 2007 and the Food and Agriculture Organization of the United Nations (FAO) in 2008, humid tropical zones will suffer negative impacts of the climate change, which definitely affects the way of life and food production. Various studies have been conducted to measure the effects of climate change impacts on net farm revenue such as integration of the Environment Policy Integrated Climate (EPIC) model and International Food Policy and Agricultural Simulation (IFPSIM) model (Wu et al., 2007) , ORYZA 2000 (Vaghefi et al., 2011) , Global circulation model (GCM) (Tumbo et al., 2010) , Ricardian model (Fleischer et al., 2007; Ajetomobi, 2010; Thapa and Joshi, 2010; Mendelsohn, 2014) , Statistical approaches were used to analyze the relationships between From the survey of soil nutrient status in Thailand during [2004] [2005] [2006] [2007] [2008] 6 ,422 soil nutrient test results (pH, organic matter content, available phosphorus, and available potassium contents) were collected in the laboratory of the Office of Science for Land Development, Land Development Department.
(2) Weather data Monthly weather data was obtained from the Thai Meteorological Department for the period 1988-2007 and weather data of A2 and B2 scenarios (IPCC SRES) for the next 10 years (2017) from Southeast Asia START Regional Center (SEA START) (www.Start.or.th). i-EPIC requires monthly weather variables such as precipitation, minimum/maximum air temperature, solar radiation, wind speed and relative humidity.
(3) Crop management
In this study, relevant crop parameters and rotation operation (Table 1 and Table 2 ) were modified on the basis of the measured and published data. In the EPIC model, potential evaporation was calculated by the Penman-Monteith method. In addition, the period of plantation used in this research follows the Land Development Department planting calendar. The general chemical fertilizers were 16-20-0 and 46-0-0, which are considered appropriate for rice growth (Department of Agricultural Extension, 2010) . Meanwhile, soil losses were computed using the Universal Soil Loss Equation (USLE). Table 1 . Important crop parameters for the EPIC model based on the measured and published data. (4) GIS data (i) land utilization of 2007, (ii) digital elevation model (DEM), (iii) slope, (iv) sets of soil data in a form of GIS digital file, (v) location of 81 weather stations, and (vi) simulation units (a polygon type of data): In this study, a 0.1º x 0.1º SU is created and each grid covers an area of 11.11 x 11.12 km. Since rice production land is emphasized in this study, we separated the rice production area from land used for other utilization purposes by overlapping the Land Utilization data of 2007 provided by the Land Development Department with the developed simulation unit. The selected simulation unit of the study is an overlapping area that covers more than 50% of the rice production area, which consists of 1219 SU.
Model Validation and Statistical Analysis
The validation process focused on the rice yield using the observed values of yield that were collected from the Agricultural Statistics of Thailand for years 1996-2012, which were generated by the Office of Agricultural (Rayer, 2007; Wilson, 2007) . Basically, it is a measure of forecast accuracy, which compares forecasts of a variable against actual values. ITSMF-NL (2006) noted that the forecasting model with MAPE below 40 % might be considered reasonably reliable (See in Table 3 ). The formula used in calculating MAPE is as follows:
Where: A t = actual value at time t; P t = predicted value at time t; e t = forecast error; n = total number of periods; t = time period 
Economic Processes Model
Based on the concept of supply and demand Equation (Alston et al., 1995; , this study employed both world and Thai rice market models to predict amounts of rice production, consumption and export capacity in two scenarios (A2 and B2) in the next 10 years from 2007 onwards. The A2 scenario assumes that each country holds its own culture and trade, labor movement, and that technology transfer is restricted. Temperature will be changed likely range 2.0-5.4 ºC. The atmospheric CO 2 concentration reaches at 432 and 549 ppmv in 2020 and 2050 , respectively (IPCC, 2007 . Given these constraints, per capita GDP grows slowly and the annual average per capita income is 7,200 US$ in 2050, while the world population reaches 11 billion people (Garnaut et al., 2008) . The B2 scenario assumes that trade is restricted and the cultural practices of each country are maintained such as those in the A2 scenario. However, low CO 2 emission energy technology is developed. The atmospheric CO 2 concentration reaches 432 in 2020 and 549 ppmv in 2050 for this scenario, with a projected temperature increase in the range of 1.4-3.8 ºC. The per capita income is 12,000 US$ in 2050 while the world population reaches 9.4 billion people (IPCC, 2007) .
World Rice Market Model
Amounts of rice in the world market are calculated using supply Equation (1).
(1)
Farmers usually base their decision about the amount of rice to be produced each year on the rice price of the previous year. and are coefficients in the supply Equation as explained in Table 4 , and the data used for the world rice market model are presented in Appendix A; Table A1 . Vol. 11, No. 15; 2015 In the demand Equation, the rice price depends on the market demand, the size of population, and crude oil and potato prices. In theory, market demand and price have an inverse relationship; the population size and production size have a positive relationship. The higher price of crude oil will lead to the higher market demand for agricultural products, thus increasing the rice price. As rice can be replaced by potato, rice price depends partly on the potato price as well.
Equation (3) determines the market equilibrium
Thai Rice Market Model
The rice market in Thailand is structurally similar to the world rice market in that the rice price is the same. This is due to the fact the rice price is not determined at the national scale but at the global scale under the free trade policy. Supply Equation is shown in Equation (4) and rice price of the previous year is taken into account when the production size is determined.
(4) Equation (5) shows the relation between domestic market demand and related factors such as rice price, population size, prices of crude oil and substitute goods. Equation (6) shows the amounts of rice exported by Thailand. Equation as explained in Table 5 . 
Results

Impacts on Climate Change
According to the Special Report on Emissions Scenarios (SRES) by IPCC, the scenarios in 2017 will be as follows.
Temperature (ºC)
The highest average temperatures of 2007, A2 and B2 scenarios are 32.74, 33.13 and 33.20 ºC, respectively. The lowest average temperatures of 2007, in A2 and B2 scenarios are 22.99, 24.18 and 22.52 ºC, respectively. It is found that in A2 and B2 scenarios the highest average temperature will become higher in 2017, and will become highest under B2 scenario, which is slightly higher than A2 scenario. Also, the lowest average temperature will become higher in 2017 in A2 scenario and will decrease by 1-2 ºC in B2 scenario.
Rainfall (mm)
From the comparative analysis, it is found that the amounts of rain in 2007, and under A2 and B2 scenarios are 141.24, 129.39, and 125.60 mm respectively as shown in Table 6 . It shows that in 2017 the amount of rain will decrease in both A2 and B2 scenarios, and the amount of rain in A2 scenario will be lower than that in B2 scenario. Table 7 shows that in A2 scenario, the amounts of rain in the central, northern, northeastern, and western regions of Thailand will decrease in the future whereas the amounts of rain in the eastern and southern regions will increase. Also, the amounts of rain in the central and northeastern regions in A2 scenario will be higher than those in B2 scenario while the amounts of rain in the other regions -especially the eastern and southern regions -in A2 scenario are lower than those in B2 scenario.
Number of rain days (day)
From Table 6 show the numbers of rain days in 2007, A2 and B2 scenarios -which are 10.93, 18.73, and 18.49 respectively. It is found that in both scenarios there will be more rain days in 2017. The number of rain days in B2 scenario is slightly lower than that in A2 scenario. Table 7 shows that in A2 scenario, the number of rain days increases in every region, and when compared with B2 scenario, there will be more rain days in the A2 scenario. Table 6 shows amounts of solar radiation in 2007, A2 and B2 scenarios -which are 114.81, 198.78, and 200.17 MJ/m 2 . It is found that the amount of solar radiation will increase and become higher in 2017 in both scenarios, and the amount in B2 scenario will be higher than that in A2 scenario. Table 7 shows that in A2 scenario the amount of solar radiation increases in every region of Thailand, and that the amounts of solar radiation in B2 scenario are higher than those in A2 scenario in every region. 
Climate Change Impacts on Rice Production
Comparison of Rice Production between Irrigated and Non-Irrigated Areas
This study investigated rice production in two kinds of area: irrigated and non-irrigated. EPIC model assumed that the area is ploughed and there is no weed or pest. The study period was set in accordance with the cropping calendar of the Rice Department. It is found that the average production capacity of second rice season in irrigated areas in 2007 is 3.65 ton/ha. It is estimated that in 2017 the production capacity of second rice season in irrigated areas in A2 and B2 scenarios will be 0.93 and 0.39 ton/ha, respectively. The production capacity of major rice season in irrigated areas in 2007 is 2.33 ton/ha. It is estimated that in 2017 the production capacity of major rice season in irrigated areas in A2 and B2 scenarios will be 1.76 and 0.79 ton/ha, respectively, as detailed in Table 8 . In total, the amount of rice produced in A2 scenario will be higher than that in B2 scenario in 2017 over both irrigated and non-irrigated areas, yet such amounts in both scenarios drop from those in 2007. The entire rice growing areas of the country consist of 1219 simulation units, covering both major and second season rice growing areas. Of this number, 322 units are in the central region, 29 units in the eastern region, 48 units in the northern region, 793 units in the northeastern region, 12 units in the southern region, and 15 units in the western region. From analyses on the comparison between the amount of rice produced in 2007 and the estimated amount of rice to be produced in 2017 in A2 and B2 scenarios, the findings are as follows.
In the central region, the average amounts of major rice season in 2007, A2 and B2 scenarios are 3.67, 2.54, and ton/ha respectively. The numbers for second rice production are 4.68, 1.06 and 0.39 ton/ha respectively. Details are provided in Table 9 .
www.ccsenet.org/ass Asian Social Science Vol. 11, No. 15; 2015 In 2007, the rice production in the Central, Northern, and Northeastern parts of Thailand showed a decreasing rice production in both A2 and B2 scenarios (Table 9 ). In contrast, rice production in the Eastern, Southern, and Western regions showed an increasing level of rice production under the given conditions of both A2 and B2 scenarios. The major rice production also increased in the A2 scenario and decreased in the B2 scenario. When comparing the A2 and B2 scenarios, it was found that the A2 scenario had a higher level of major rice production in every region of Thailand. The second rice production under the A2 and B2 scenarios in 2007 decreased in the Central, Eastern, Northern, Northeastern, and Western parts of Thailand, with the exception of the Southern part of Thailand. According to the results, the second rice production of in Southern provincial areas increased under the A2 scenario, whereas under the B2 scenario, it decreased. The A2 scenario also resulted in a second rice production in every region of Thailand.
Climate Change Impacts on Rice Production, Consumption, and Export
Analysis Based on World Rice Market Model
From the world rice market model based on Equation 1-3 as shown in Table 4 , Equation (1) was tested with regression analysis. Table 10 shows that R 2 =0.614; t-statistic is high; the coefficient is significant, making the Equation nearly completely reliable. Therefore, Equation (7) would be used in the next step. Table 11 shows how Equation (2) was tested with regression analysis. Moreover, Table11shows that R 2 = 0.672; t-statistic is high, the significance level of 95% for the coefficient. The constant and coefficient of WP have significance levels of 91.5% and 94.9% respectively, standing above 90%.
Equation (5) shows that the price elasticity of rice demand is -0.317 , implying that rice has the elasticity value of lower than 1. (7) and (8) which are structural Equations used in predicting equilibrium quantity and rice price during 2007-2017 and next to 2027 are reliable only for the first four years. Equation (9) which is a reduced form is, as a result, used for estimation instead of Equation (8). www.ccsenet.org/ass Asian Social Science Vol. 11, No. 15; 2015 Table 12 shows how Equation (9) was tested with regression analysis. 
It is found that Equations
For estimations of 2007-2027, the population size was based on the data from FAO; the real crude oil price was set to increase by 3.24% each year -which was the average rate of 1996-2007; and the real potato price was fixed at 176 dollars per ton.
Equations (7) and (10) were used in estimating the equilibrium quantity and rice price from 2007 to 2027. We found that both equilibrium quantity and rice price are likely to make constant increase in the future (See Appendix B; Table B1 ). Table 13 shows how Equation (4) was tested with regression analysis. Table 13 shows that R 2 = 0. 575; t-statistic is high; the coefficient is nearly completely reliable. We also found that both equilibrium quantity and Thai rice price are increase in the future (See Appendix B; Table B2 ). Table 14 shows how Equation (5) was tested with regression analysis. Table 14 shows that R 2 =0.706; t-statistic is high; the coefficient is nearly completely reliable. Prices of rice, crude oil, and potato are excluded due to the fact that t-statistics are very low, and as a result, are assumed to be zero. It is then concluded that population size is the only factor that affects the domestic demand for rice, not prices of rice or any other products.
Analysis based on Thai Rice Market Model
Table14. Statistics of Equation (5 
The estimation amounts of rice production, consumption, and export by Thailand from 2007 to 2027, based on the data from FAO in 2007. It is found that the amounts of rice production, consumption, and export are likely to increase in response to the increasing rice price and greater demand in the global market and the expanding population in Thailand (See Appendix B; Table B3 ).
Comparison of Situations in 2007, A2 and B2 Scenarios in 2027
Climate change's impacts on rice production in different scenarios are shown in Table 9 . Statistical data about rice production (by region) and productivity in 2007 from the Office of Agricultural Economics is presented in Table 9 . This data, together with estimations in Appendix B; Table B4 .
In terms of major rice season, it is found that the amounts of rice growing areas will be increasing steadily from 2017 to 2027. We found that the northeastern region has the largest rice growing area before the northern, central, southern, eastern, and western regions, respectively (See Appendix B; Table B4 and B5). The amounts of rice production appear to conform to those of rice growing areas in each region. Also, the amounts of rice production in A2 scenario are higher than those in B2 scenario in every region. In addition, it is found that in A2 scenario the yield rates are higher than those in the BY scenario in eastern, southern, and western regions, and that the southern region is the only region where yield rates in both A2 and B2 scenarios are higher than those in BY scenario. While, second rice season, it is found that the amounts of rice growing areas will be increasing steadily from 2017 to 2027. The central region has the largest rice growing area before the northern, northeastern, eastern, western and southern regions, respectively (See Appendix B; Table B4 and B5). The amounts of rice production appear to conform to those of rice growing areas in each region. Also, the amounts of rice production in A2 scenario are higher than those in B2 scenario in every region. In addition, it is found that in A2 scenario the yield rates are higher than those in the BY scenario in eastern, southern, and western regions, and that the southern region is the only region where yield rates in A2 scenario are higher than those in BY scenario. As our results, we can mention the results of economic analyses are in accordance with estimations from the physical models. Chang (2002) which investigated the economic impacts on the agricultural sector of Taiwan. Price-endogenous spatial equilibrium model was used to measure changes in and the distribution of welfare in the agricultural sector, with an assumption that the market has perfect competition in order to achieve the maximum total welfare -which is the sum of consumer surplus and producer surplus. In climate change scenarios, variables were temperature (from 0 to 2.5 ºC) and amount of rain (from -10% to 15%), and 1994 was set as base year. The findings indicated that despite changes in temperature and amount of rain that have impacts on the agricultural sector of a subtropical country like Taiwan, the total welfare has been constantly improving by 1.80 -5.86% when compared with that of the base year. In terms of welfare distribution to producers and consumers, it is found that the producers receive more benefits than consumers. However, in scenarios where the amount of rain changes but temperature does not, it is found that the producer welfare will go down by 0.06 -3.26% and will be good for consumers. Based on our scenarios, it is certainly possible that farmers' adaptation is still also important in the regional competitions. For instance, if their yields decline less than in other countries, and they can expand their rice farming, production and exports of the crop with reduced yields, they will gain in productivity and the profitability of growing higher due to the influence of international production, international markets and international trade might be changed. Similar arguments were also discussed in Juliá and Duchin (2007) and Nelson et al. (2009) .
According to A2 and B2 scenarios of this study, we found that both scenarios the temperature will be increased and precipitation will be decreased, it will be very harmful for rice yields and farmers would lose their net revenue. This is consistent with the studies of Sanghi et al. (1997; employed Ricardian model of India and Brazil found significant negative effects with a moderate long-run climate change scenario under increasing 2 ºC of mean temperature and 7 % in precipitation by the end of the 21 st century leading to losses on the order of 10% of agricultural profits. Especially, dry land rice farms, non-irrigated areas and hilly regions in semi-arid regions may undermine any positive effects by reducing the net revenue whereas increase revenue for the irrigated rice farms (Ajetomobi et al., 2010; Thapa & Joshi, 2010) . For example the cereal production will be increased by 50% in irrigated areas and annual economic growth rate in Ethiopia might increase from1.9 to 2.1% by 2015 and this might increase the GDP by 3.6% per year (Diao & Pratt, 2007) . Moreover, Krishna (2011) mentioned that with climate change rice production in developing countries will be declined by 11.9%, which will reduce revenue to smallholder farmers. On the other hand, with Business-as-Usual rice production might have increased by 434.9% in 2050. However, farmers' profits from rice depend on input costs (i.e. labor, land, seeds, fertilizers, and other chemicals), yields, and market sales values for the crop. This entire factor can be affecting not only rice production but also in turn affect food system in the future (Mngale, 2009) . Whenever, food security diminishes, then people's livelihoods get impaired. This leads to poverty and hunger, with negative impacts to smallholder farmers and poor countries (FAO, 2008) . Thus, adaptation and copping measures should be developed to combat the impact of climate change. Considering the climate change's impacts on agricultural productivity, the land use, and the agricultural policy, this study aims to examine farmers' behavioral adaptability, to encourage them to prepare for the upcoming impacts, and to suggest guidelines for their farm resizing. Thornton et al., (2009) suggested that adaptation can be constrained by institutional, economic, political and social environment in which smallholder farmers operate. In addition, Kurukulasuriya and Mendelsohn (2008) recommended that lack of knowledge, financial constraints, knowledge and information on the choice of adaptation options, labor constraints, shortage of land, and poor potential for irrigation are barriers to adaptation facing most of the farmers. For Thailand, if we consider problems of Thai farmers carefully we will see that such problems have remained unsolved for a long time, including land-related issues, farming systems development, water management, production costs, and marketing. Most of the farmers have gone to only primary school and not above, and the education system is a factor that pushes local people to seek jobs elsewhere as it is not related to local jobs at all. The teaching method does not encourage students to become entrepreneurs, and when the students finish their high school they cannot find suitable local jobs. Also, they do not want to be farmer as the profession is not highly valued. Only a small number of farmers are eager to keep improving their knowledge and expertise, and when some of them are selected to serve as their community leadership, they are bound with so many rules and regulations that they cannot truly contribute to the rest of the farmers. We can ensure that human resources in Thailand are good quality. The farmers will do it well if the state agencies at local and national levels can provide proper supports for their farming and help them find the best way to reduce www.ccsenet.org/ass Asian Social Science Vol. 11, No. 15; 2015 production costs, prepare the best seeds, manage water resources, make natural fertilizers, stay hungry for new knowledge, technology, and information updates. In the study of Baldwin et al., (2013) showed that input cost of Thailand was 352 US$/ton (10,912 baht/ton) higher than other exporters such as Vietnam and India, with at 225 US$/ton (6,975 baht/ton) and 230 US$/ton (7,130 baht/ton), respectively. In term of rice consumption, Timmer et al., (2010) examined considerable evidence that rice consumption per person declines with increases. It means that rice consumption levels for food are inversely correlated with economic development, with the lowest income countries in the region (Cambodia, Burma, Laos, and Vietnam) consuming more rice per person than the wealthier countries (Malaysia and Thailand) as well as depend on rice demand and price. Thus, in the short run, farmers are suggested to find their optimal level of production. Major modifications of the farming system might not be finished shortly, but the crop choice can be improved immediately. For example, farmers may plant or harvest crops that grow well in warm weather earlier than before, allowing them to have more time to grow and yield more, and they may also have to come up with a new set of different crops after accepting the notion of optimal crop choice from Europe. According to Olesen and Bindi (2002) , farmers may have to replace crops with high level of uncertainty in their yield rates such as barley with crops that have low yield rates but generate stable income such as pet grass, which also helps retain soil moisture.
Conclusion
Studies about the climate change's impacts on agriculture mostly focus on physical and biological impacts, and little has been done to investigate the socio-economic impacts. Only few studies have pointed out to the fact that an increase in temperature will result in lower agricultural productivity, and that farmers will have to make some adaptations to minimize the impacts -by optimizing crop rotation and land use, and resizing their farmlands, for example. This study is among the first in Thailand to develop an integrated body of knowledge within this field, and further investigations are also required to make a complete body of knowledge. Generally, rice grown in irrigated areas has higher yield rate than that grown in non-irrigated areas where the yield rate depends largely on the amount of rain during the growing season in Thailand. Models and analyses based on the IPCC SRES -A2 and B2 scenarios in 2017 -have led to the following findings.
In the central region, the average amounts of major rice season production in 2007, A2 and B2 scenarios are 3.67, 2.54 and 0.84 ton/ha, respectively, whereas the average amounts of second rice season production are 4.68, 1.06 and0.39 ton/ha. In both A2 and B2 scenarios, rice production is clearly affected by factors such as an increasing amount of carbon dioxide and rising temperatures. In the short run, weather change is the most influential factor, resulting in smaller amounts of rain in most of the regions in Thailand. The northeastern region is the most affected area by the weather change while such regions as the eastern and southern are least affected. In fact, these two regions turn out to enjoy larger amounts of rain due to the monsoon that carries heavy rain to the region.
From comparative analyses, it is found that both rice production and export in the BY scenario are likely to expand until 2027, and there will be a sufficient amount of rice surplus for export, which is nearly the same level as that of domestic consumption in A2 scenario. In 2017, the amount of rice production will be only slightly higher than the domestic demand, leaving a small rice surplus of up to two million tons for export, compared to 14 million tons in 2016, will be created a loss in value approximately 5,280 dollar. However, in B2 scenario, the rice production capacity will be much lower than the domestic demand, meeting only half of it in 2017. From 2017 to 2019, the rice production capacity will undergo a constant fall and no longer meet the market demand as a result; it is estimated that there will be a shortage of approximately 0.038 to 0.218 ton of rice. It is therefore important to note that if B2 scenario became reality in 2017, the rice production capacity of Thailand would nearly fail to meet the minimum level of domestic demand. Our results point out that both A2 and B2 scenarios the amounts of rice production will be lower than those in the predicted BY scenario. The amounts of rice production in A2 scenario are higher than those in B2 scenario in every region. Rice exports in both A2 and B2 scenarios will be lower than the volume of exports in the BY scenario while A2 scenario is higher than that in B2 scenario.
As rice is a large and essential part of the agricultural sector in Thailand, both positive and negative changes that might result from the selection of rice varieties all have great impact on the economy. Consequently, it is very important that the involved agencies thoroughly investigate the climate change's impacts in different dimensions and develop a body of knowledge around this issue. However, economic analyses carried out in this study have several limitations. Some parameters used in the models are not up-to-date as the EPIC model has never been used in estimating rice production in Thailand before. These parameters need to be more specific in order to improve the accuracy of the models, particularly the shape of farmland and rice choices. For example, each study www.ccsenet.org/ass Asian Social Science Vol. 11, No. 15; 2015 area is an 11x11 (km) grid and parameters are assumed to be the same throughout the grid despite the fact that there are some small differences across grids. 
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